Marine Protected Areas (MPAs) are generally considered as one of the most important tools, among the many regulations, designed to preserve marine resources as well as enhance fisheries. In the southern Bay of Biscay, local French fishermen requested creation of a restricted area to help settle disputes between the various métiers operating there. This restricted area, which lies mainly in French waters, covers part of a deep submarine canyon off the French and Spanish coasts, known to have a large population of mature hake. This study aims to better understand the effects of a restricted area upon French fleets operating there, particularly upon three main métiers-longliners, gillnetters and trawlers. The study area includes three ICES statistical rectangles. The data, based upon reported landings and auctions sales for the period 1985-2008, were analyzed using multivariate analysis. The fishing activity is more important in one rectangle which includes the restricted area. Bottom longliners and gillnetters, operate mainly in this one while trawlers are less dependent. The first métier concentrates particularly on hake and the second has targeted other species and has become less dependent on hake. Trawlers target a wider range of species. Over the past ten years, the restricted area has contributed to maintain the fleets operating here. The border with Spain adds other constraints over the issue of access to regional fisheries and makes management a little more complicated.
Introduction 37
Fishery management is organized around regulations which concern fishing effort 38 such as vessel number and their technical characteristics, gear prohibition, quotas, closed 39 seasons and area restrictions. The European Union (EU) sets annual catch limits by species 40 (TAC), and national quotas as well as minimum size species. It also issues fishing licenses, 41
regulates mesh sizes and publishes Multi-Annual Guidance Programs under the Common 42
Fisheries Policy (CFP). Specific national or regional licenses are also issued. Among 43 management measures, Marine Protected Areas (MPAs) are increasingly important. They 44 were introduced to protect local marine resources as well as enhance fisheries. However, 45
because they are open to the effects of multiple uses and to external pollution [1] , special 46 attention must be paid to their selection if reserves are to be managed efficiently [2] . This 47 concerns both their size and the fishing practices in place as well as specification of the 48 particular protections objectives required. Although MPAs certainly improve fishing practices 49 by promoting best practice and better conservation of biodiversity, their benefits are limited 50
by their number and size [3] . While their role in the protection of species and habitats is clear 51
[4], uncertainty in larval dispersal and adult biomass exportation makes it difficult to measure 52 their full effect upon population and yield sustainability [5] . 53
In France, other spatial management measures are used such as "Restricted Areas" 54 which could be considered as a specific form of MPA. Created on the initiative of 55 professional fishermen, these areas are delimited areas at sea, within which some particular 56 types of fishing gear are temporarily or permanently prohibited in order to protect certain 57 species and/or métiers (according to ICES -the International Council for the Exploration of 58 the Sea -there are three types of fishing unit: the fleet, the fishery, and the métier. The last is 59 defined by ICES as "groups of homogeneous fishing activity, targeting the same (assemblage 60 of) species, using similar gear, during the same period of the year and within the same area" 61
Fleets operating in the study area 111
This maritime space is mainly characterized by pelagic and demersal fisheries. 112
The fleets exploiting pelagic fish are purse seiners, baitboaters and pelagic trawlers 113 targeting mackerels (Scomber scombrus, Scomber japonicus), sardine (Sardina pilchardus), 114 horse mackerel (Trachurus trachurus), anchovy (Engraulis encrasicolus) and tunas (Thunnus 115 alalunga, Thunnus thynnus). In terms of tonnage, pelagic species constitute the most 116 important landed fishes [26] . 117
The gillnetters, longliners and bottom trawlers fish for demersal species such as hake 118 In 2008, about 118 French vessels and 350 fishermen were fishing in the study area. 126
They landed 3190t of sea products for a total value of 3700k€ [26, 27] . To increase income, 127 30-35 vessels sell directly to consumers (into 3 local ports: Capbreton, Bayonne, Saint-Jean-128 de-Luz, see Fig. 1a ), avoiding the whole sale market. The fleet consists mainly of single 129 owner operators whose crews are paid under a "shared-wage" system. Bottom longliners 130 hake, gillnetters, pelagic and bottom trawlers represent around 79% of the total French fleet 131 operating in this area. Gillnets and longlines are considered as passive gears but pelagic and 132 bottom towed by boats are considered as active. 133
This study concentrates upon the main gear types used in the study area: bottom 134 longline, nets (gillnet and trammel net) and trawls (pelagic and bottom trawl). These represent 135 about 93 boats in 2008: of which longliners represent 19% of this total number, gillnetters 136 44%, pelagic and bottom trawlers 37%. Bottom longline hake fishing takes place at the edge 137 of the Capbreton canyon. Gillnetters operating in the coastal area use several types of nets 138 (gillnet and trammel) targeting several species. Coastal netters predominate in the sector 139 although large netters are also present. Bottom trawlers operate mainly in the northern sector. 140
While fishing in the canyon itself is excluded both by topography and regulation, they are 141 able to work along the shelf break. The detailed characteristics of the métiers based on gear 142 dimension, location, yields and main target species are shown in table 1. 143 The fishery data are extracted from the database of the French Fisheries Information 144 System (SIH) of Ifremer. The data are based on landings (in weight) -of all vessels working 145 at least once in these statistical rectangles -and upon whole sale market (in value). Two 146 different datasets were compiled: 147
The first (from official logbooks and catch reports) contains information on fishing 148 area, landing dates, landing port and landed weight of species by fishing days. Vessel 149 activity is linked to fish market location until 1989 and since 1990 it has been 150 dissociated from the type and place of sale; 151
The second dataset (from fish markets) contains the landed value and quantity by 152 species for each vessel and fishing trip. Current prices for landings were converted to 153 constant prices, using the French consumer price index, with 1985 as the base year. 154
Direct sales are not considered in this study but represent about 28% of the total 155 landed value in local harbors [28] . 156
The data used covers a 24-years period for the main métiers cited above. 157
The study excludes results of 1999 due to a change in the data recording system which 158 resulted in the loss and degradation of data. tuna driftnet in 1986) has led to improvements in catches and turnover. However, it has also 189 resulted in sometimes violent confrontation between the "old" and the "new" métiers (for 190 example, purse seine and pelagic trawl) over the same coveted fishing ground due to its effect 191 upon particular species such as anchovy [33, 34] . 
Main indicators of fishing activity 216
To better understand and better compare the métiers, a reference trip lasting ten hours 217 was made, entitled hereafter "unit trip (UT)"was used. This choice is considered to be a 218 typical trip for a coastal vessel. The low activity level of bottom longliners in R16E7 is noticeable despite the fact that 245 a part of the restricted area (which was reserved for them) was contained within this rectangle 246 until 1985. In R15E8, the limited activity of a few bottom longliners varies between 4 to 9 247 vessels from one year to another during the study period. 248
The greatest proportion, more than 60%, of total vessels are active within R16E8 (Fig.  249 2) which contains the restricted area, partially from 1985 to 1999 and entirely thereafter. 250
During the initial period from 1985 to 1998 (Fig. 3) , the presence of each métier in the 251 study area is equivalent in number of boats and trends are similar. (Fig. 3) . 258
Economic dependence according to spatial occupancy and fishing activity 259 criterion 260
The first three principal components coming from PCA give 37% of total inertia. This 261 seems low but reveals few significant linear correlations between the chosen descriptors and 262 emphasizes their variability from year to year. 263
Bottom longliners and gillnetters have a high turnover by vessel and by crew member 264 in R16E8. Turnover, especially for bottom longliners, is highly dependent upon R16E8 and 265 upon hake (Fig. 4a and Fig. 4b ). Bottom trawlers" turnover hardly depends at all on R15E8 266 while sole contributes highly to the gillnetter"s turnover (Fig. 4b) . Pelagic trawlers have high 267 levels of landings and turnover by vessel by UT (Dim1) on R16E7 and a turnover strongly 268 dependent on mackerel, bluefin tuna and albacore tuna (Fig. 4a) . 269
Focusing on the sector R16E8 which contains the restricted area, one can notice that 270 more than 75% of bottom longliners" annual turnover is generated by hake (Fig. 5a) with 271 conger being the second most important contributor. Hake and sole contribute equally to 272 gillnetters" annual turnover during the first period. However, in the second period hake drops 273 to the same level as gilhead sea bream and sea bass while sole remains stable (Fig. 5b) . 274
Pelagic trawlers are less dependent on hake but more on the pelagic species such as anchovy 275 and mackerel (Fig. 5c) . For bottom trawlers, hake is the main contributor in the first period 276 but this changes for the second period in favor of other species such as monkfish, squid and 277 red mullet (Fig. 5d) . 278
The evolution of turnover per boat and per crew member is shown for the main 279 métiers in R16E8 (Fig. 6) . In the first period, there was an equivalent turnover between 280 gillnetters and pelagic trawlers while bottom longliners realized a high turnover (max. 25 k€ 281 in 1991) before decreasing from 1992. Trends changed in the second period. Bottom 282 longliners" turnover is equivalent to that of trawlers while gillnetters" turnover is higher than 283 the others (between 15 and 20 k€). Bottom trawlers realized the lowest score. 284
Quality and available data 285
Different approaches are usually used to assess the effect of MPAs. Most studies 286 concentrated on the "effects on population or assemblages" or other topics such as fishing 287 yields, indirect socioeconomic effects and ecological indirect effects [36] . These need data 288 detailing results inside and outside the MPA or before and after its establishment [36, 37, 38] . 289
In this study, the lack of statistical series by vessel before the establishment of the restricted 290 area in 1985 did not allow modeling to simulate the consequences of its creation or to do a 291 comparative empirical study before and after or inside/outside. 292
Although the first three years of the series are incomplete due to the small number of 293 vessels submitting logbook information, the trends in reported catches do reflect the reality of 294 fishing activity and match the evolution of the fishing fleet in the Bay of Biscay [8, 26, 39] . 295
Fishermen conflicts 296
The study area is subject to different types of fishing and in the past the use of 297 different gears in the same fishing grounds has led to conflicts between fishermen. The 298 restricted area was established to resolve conflicts between bottom longliners and gillnetters 299 while sustaining the practice of bottom longline hake fishing. Its location on the canyon 300 covers an area mainly exploited by bottom longliners due to the large presence of adult hake 301 there. The surface of this box enclosure was reduced in 1999 at the request of gillnetters and 302 trawlers. Generally, most conflicts focus on the active against the passive. For example in the 303 according to the criteria: gained, lost and secured, which allowed assessing the equity of the 311 MPA. The dimensions considered are welfare, economic well-being, health, education, social 312 capital and culture. In this case study, the size of the restricted area for gillnetters, was too 313 large and was not well accepted, due to loss of fishermen"s earnings. Consequently, they 314 obtained a reduction of the area. Since this took place, the competition to access this space has 315 been reduced and the conflict between longliners and gillnetters has been resolved. In the 316 same period, gillnetters took advantage of prohibited areas for trawlers inside 6 miles, by 317 having more space to spread their nets and to increase their own productivity (Table 2 and  318   Table 3 ). As mentioned above, the displacement of fishing effort can have economic, social 319 and environmental consequences. There are few analytical studies which quantify the impact 320 of these movements. The concentration of boats into areas outside restricted areas has the 321 potential to increase competition and conflict especially in a context of declining yields [44] . 322
In this case study, trawlers could have been impacted by regulatory measures due to the 323 importance of the prohibited areas for them (around 17%), but they could easily move 324 elsewhere; due to their size, they are able to operate in a wider area and also further offshore, 325
without creating new problems for other boats. 326
These examples show how each métier within the fisheries committee is able to 327 influence decisions. Conflicts of interest between committee members can lead to ad hoc 328 alliances aimed at influencing decisions in a direction more favorable to some than others and 329 that bargaining powers of different métiers (represented by elected fishermen and ship-330 owners) can fluctuate greatly over time. 331
The restricted area established in 1985 was intended to protect the longliners" hake 332 fishing. It has since evolved into a significant shrinkage of the most important area for this 333 métier and in combination with other national regulations, has mainly released space for 334 netters. The geographic distribution of the various competitors" métiers has improved, thus 335 promoting better relations between them. 336
Although the management of this area was achieved gradually step by step rather than 337 as the result of an elaborate plan, the end results appear satisfactory. Although the contribution of hake to the turnover of netters and trawlers has declined, 368 it has been offset by a change in strategy to capture other species. Consequently, the 369 establishment of the restricted area does not seem to have affected their economic viability. 370 groups. This would have resulted in sustainable harvest policies, before implementation of 375 any major management action. This study suggests that the restricted area is appropriately 376 located in the canyon for several reasons: (i) Fishermen were behind the proposal; (ii) 377
Conclusion
Emerging conflicts have been resolved through compromise between them (iii) Bottom 378 longliners operate mainly on the edge of the canyon and the choice of the restricted area 379 location has enabled maintenance of this "emblematic" métier: which was already practiced 380 by Basque fishermen in the eighteenth century [9,49]; (iv) Today, local fishing committee 381 strongly support and publicize this métier and have begun a process of eco-labeling. Thus the 382 restricted area will enhance the traceability process; (v) It is located on a canyon known to be 383 a productive system with major adult hake concentrations (containing several localized 384 fishing grounds). 385
Moreover, the adoption by Authority of different regulations governing access to 386 fishing areas according to different métiers (often after consultations or stakeholders" 387 proposals), has contributed to a better distribution of the fishing effort, thus promoting the 388 viability of different fleets. Other factors which must be taken into account to explain the 389 results of this study include the recovery plans for different halieutic stocks, the multi-annual 390 guidance programs (regulation of fishing effort) and indeed the market conditions. 391
Part of this restricted area is located in the EEZ (Fig. 1b) 
